Abstract: Implosion and heating experiments of fast ignition targets has been performed with Gekko-XII and LFEX lasers, and neutron enhancement was demonstrated. Goal of the FIREX-1 project is to achieve fuel heating up to 5 keV.
Introduction -FIREX project
Fast ignition (FI) is a new scheme for laser-driven inertial confinement fusion [1] [2] [3] . First, a fuel pellet is imploded by a long-pulse drive laser, and then, a short-pulse high-intensity heating laser is injected to the fuel plasma at the time of the maximum implosion. Since it is not required to form a central hot spark inside the main fuel, the driver energy in FI could be reduced by one order of magnitude. A shell target with a cone for guiding the heating laser was proposed for the FI scheme, and successful FI heating up to 1 keV was achieved with 1 kJ PW laser facility [4] . Based on this result, the FIREX-1 project was started since 2003 at the Institute of Laser Engineering, Osaka University [5] . Its goal is to demonstrate fuel heating up to 5 keV with a 10-kJ class new heating laser, LFEX.
Construction of LFEX was started in 2004, and it became partially operational in 2008. The first campaign of FI integrated experiment by using Gekko-XII laser for implosion and LFEX laser for heating was performed in 2009. Then, the integrated experiment has been successfully performed with improved pulse contrast in LFEX and improved plasma diagnostics, in which neutron enhancement exceeded the experiment performed in 2002 [4] .
Further tuning of LFEX and extended experiments are on going to accomplish the goal of FIREX-1, 5 keV. FIREX-2 is proposed to demonstrate the real ignition and fusion burn by FI scheme with 100-kJ class lasers. 
Activation and operation of LFEX laseer
LFEX is a Nd:glass-based 1.053-μm four-beam laser system. Its final output will be 10 kJ in a 0.5 -20 ps pulse. The full system has four 37x37 cm square beams. A pulse from the oscillator is spectrally chirped and is amplified with three-stage OPCPA (optical parametric chirped pulse amplification) system, rod amplifiers, and a four-pass largeaperture disk amplifiers which have been constructed beside the Gekko-XII laser as shown in Fig. 1(left) . The pulse is then compressed with large grating pulse-compression system down to 1 ps. The beams are focused with an offaxis parabolic mirror (f = 4000 mm). Pulse compression and focusing system is constructed within a large vacuum chamber located near the interaction chamber of Gekko-XII as shown in Fig. 1(right) . Beam synchronization of LFEX to Gekko-XII is performed optically by using a common oscillator pulse for both lasers.
Integrated experiments of fast ignition
Implosion and heating experiment of FI target have been performed by using Gekko-XII and LFEX lasers. Typical laser and target parameters in 2010-2011 were as follows. Gekko-XII laser for implosion: 0.53-μm light with an energy of 1.5-4.5 kJ in total in a nearly flat-top pulse, nine beams among twelve. LFEX laser for heating: 1.053-μm light with an energy up to 700 J/beam in 1.5 ps. The two beams among four were focused and injected to the interior tip (bottom) of the cone attached to a shell target. Shell targets (CD: deuterated polystyrene): 500 μm in diameter and 7 μm in thickness. A 10-20 μm wall-thickness Au cone with an opening angle of 30 or 45 degrees. Outer surface of the Au cone was coated with 10-μm-thick CH layer. Distance from the center of the shell to the cone tip was 50 μm. 
Conclusions
Enhancement of the neutron generation up to 3.5x10 7 and estimated heating efficiency of 10-20% due to fast heating of the imploded fuel plasma have been achieved in the integrated experiment of Fast Ignition with LFEX laser at ILE, Osaka. Results of 2002 experiment were reconfirmed and exceeded with much more accurate plasma diagnostics. Further tuning of LFEX is underway to extend the FI integrated experiments. 5-keV heating is expected with the full-spec output of LFEX.
